Background: There is a paucity of studies, as well as inconsistent findings, on the associations of homocysteine, folate, and vitamin B-12 with physical function and decline in older persons. Objective: We investigated the independent associations of homocysteine, folate, and vitamin B-12 with gait and balance performance and Instrumental Activities of Daily Living (IADL) in community-living older persons. Design: We performed cross-sectional analyses on baseline data of 796 respondents in the Singapore Longitudinal Ageing Study who had laboratory measurements of fasting homocysteine folate and vitamin B-12 and completed Performance Oriented Mobility Assessment (POMA) of gait and balance and self-reports of IADLs. Results: In multivariate analyses in which sex, age, education, housing type, comorbidities, hospitalization, depression and global cognitive scores, BMI, creatinine, arthritis and hip fracture, serum albumin and hemoglobin, and physical activities were controlled for, we showed that homocysteine, independently of folate and vitamin B-12, showed significant negative associations with POMA balance (P = 0.02), POMA gait scores (P , 0.01), and IADL (P , 0.01). Serum folate showed a significant positive association only with POMA balance scores (P , 0.045). No significant independent associations for vitamin B-12 were observed. Conclusions: The independent association of elevated homocysteine and low folate, but not vitamin B-12, on physical and functional decline was supported in this study. Interventional studies of the physical functional effects of folate and vitamin B-12 status in different populations are needed.
INTRODUCTION
In ageing societies, the reduction of the societal burden of functional disability is a priority for targeted intervention. Therefore, the identification of risk factors for physical limitations and functional disability in older adults is an important focus of research. However, the contribution of nutritional risk factors to physical performance and functional disability in the elderly is not well studied.
Micronutrient deficiencies are common in older adults. Agingrelated disturbances in absorption, transport, and metabolism are contributing factors for folate and vitamin B-12 (cobalamin) deficiencies as well as hyperhomocysteinemia (1) . Homocysteine is a sulfhydryl amino acid that is methylated via methionine synthase to form methionine by a reaction that requires folate and vitamin B-12. Elevated homocysteine is recognized as a sensitive marker for folate and vitamin B-12 deficiency (1, 2) because high plasma concentrations of total homocysteine are associated with low concentrations of folate and vitamin B-12. Homocysteine is also elevated in association with low vitamin B-6, high alcohol and caffeine intakes, smoking, hypertension, and impaired renal and thyroid function (3) .
Previous studies have shown that an elevated homocysteine concentration is associated with increased risks of stroke and cardiovascular disease (4), cognitive decline and dementia (5) , and osteoporotic fractures (6) (7) (8) , which are major medical conditions that contributed to functional impairment and disability in the elderly. In relation to this connection, elevated homocysteine has been shown to be independently associated with strength, gait, and balance and velocity measures of worse lower-limb physical performance and functional disability (9) (10) (11) (12) (13) (14) (15) (16) or risk of osteoporosis or falls (17) (18) (19) (20) (21) (22) . Among these studies, only a handful included folate and vitamin B-12, which are the major nutritional determinants of homocysteinemia. These studies have reported inconsistent findings of their independent or mediating relations with osteoporosis, hip fracture, fall risks, or physical functional performance s (17) (18) (19) (20) (21) (22) . Because of the paucity of studies that examined these metabolites together and the inconsistent findings, the independent effects of homocysteine, folate, and vitamin B-12 on physical performance and functional disability require additional investigation.
The current study investigated the independent associations of homocysteine, folate, and vitamin B-12 with physical perfor-mance on gait and balance and Instrumental Activities of Daily Living (IADL) 4 in a population-based observational study of community-living older persons in the Singapore Longitudinal Ageing Study. We hypothesized that serum folate and vitamin B-12 were positively associated, and fasting plasma homocysteine concentrations were negatively associated, with levels of performance on gait and balance and IADL.
SUBJECTS AND METHODS

Study population
The Singapore Longitudinal Ageing Study is a prospectivecohort observational study of ageing and health in communitydwelling elderly Singaporeans. During recruitment and baseline data collection between September 2003 and December 2005, all older adult residents aged $55 y (n = 2804; 78% response rate) were identified by using a door-to-door census in South East Singapore for participation in the study. Residents who were severely physically or mentally ill and incapacitated to give informed consent or participate were excluded. The study was approved by the National University of Singapore Institutional Review Board, and all participants gave signed informed consent. The details of the Singapore Longitudinal Ageing Study have been described in previous publications (23, 24) .
For the current study, we performed cross-sectional analyses on baseline data of a random 1-in-3 subsample of 796 respondents who had laboratory measurements for folate, vitamin B-12, and homocysteine and completed performance-based assessment of gait and balance and self-reports of IADL.
Measurements
Participants completed face-to-face interviews, assessments, and tests conducted by trained research nurses in their preferred language (English or Chinese or Malay) or dialect.
Self-reported physical functional ability
Self-reported physical functional ability was assessed by using 8 items in the Lawton scale (25) , which had been validated in previous studies (26, 27) . The abilities of subjects to perform IADL were categorized and scored as follows: unable to do at all = 0, needed some assistance = 1, and needed no help = 2. Higher summed IADL scores across different items represent higher function levels.
Physical performance tests
Gait and balance were measured by using the Performance Oriented Mobility Assessment (POMA) battery (28) . Static sitting balance (ie, rising from the sitting position without using hands) was assessed by using graded scores according to the need for assistance and the number of attempts; standing balance was assessed within the first 5 s after the subject's sternum was gently pushed by the examiner and when stance was stabilized. Staggering or the excessive sway of the subject was examined with the subject standing and his eyes closed. Steadiness and continuity of steps were observed with the subject turning in a complete 360 8 circle. Gait assessment was performed with the subject walking 6 m and returning quickly to the starting point, and the ability to initiate walking and any hesitancy, step height and length, the lack of symmetry or inability to clear the floor, step continuity, deviation in the path, and walking stance were noted. POMA scores for balance and gait were tallied separately by using standard scoring criteria.
Laboratory measurements
Overnight fasting venous blood samples were transported to Singapore National University Hospital Referral Laboratory on ice within 2 h, and the plasma or serum was stored at 280 8 C before analysis. Plasma fasting total homocysteine was measured by using an automated chemiluminescent enzyme immunoassay method (Diagnostic Products Corp); the CV ranged from 4.1% to 10.4%. Folate and vitamin B-12 were measured in serum by using a radioassay with an Elecsys Folate II reagent kit (CVs ranged from 6.1% to 13.8%) and an Elecsys Vitamin B-12 reagent kit (CVs ranged from 3.2% to 7.6%; Roche Diagnostic), respectively. Serum creatinine (mmol/L) was measured by using an enzymatic (Jaffe) method calibrated to the National Institute of Standards and Technology liquid chromatography-isotope dilution mass spectrometry method recommended by the National Kidney Disease Education Program. Serum concentrations of albumin (g/L) were measured with an Advia 2400 autoanalyzer (Bayer Healthcare Diagnostics) by using the bromcresol green dye binding method (CV ranged from 1% to 3%). Measurements of hemoglobin concentrations (g/dL) were performed with the same automated system.
Other variables
Other information collected included age, sex, education, housing type, cigarette smoking (current smokers, past smokers, or nonsmokers), alcohol consumption ($1 alcoholic drink/d compared with none), and hospitalization in the past 12 mo. BMI (kg/m 2 ) was calculated from measured weights and heights. Respondents were asked to report whether, in the 12 mo before the interview, they were diagnosed and treated by a doctor for any one or more of a list of specific chronic medical conditions, which included coronary artery disease, heart failure, hypertension, diabetes, stroke, arthritis, hip fracture, cataract, asthma, chronic obstructive pulmonary disease, hypothyroidism, and other conditions specified by the respondents. The presence of chronic medical disorders was corroborated by using appropriate medications (visually verified by research nurses from medication packages) and medical procedures such as coronary angioplasty or bypass for specific conditions. The total number of medical comorbidities was used in the analysis.
Cognitive performance was assessed by using the Mini-Mental State Examination (MMSE) (29) . Local translated versions of the instrument with a cutoff of 23/24 (97.5% sensitivity and 75.6% specificity; AUC: 95%) that was used to determine cognitive impairment have been validated for local use in Singaporean older adults (30) .
The presence of depressive symptoms was assessed by using the 15-item Geriatric Depression Scale (GDS) (31) , which is a 15-item scale with scores that range from 0 to 15, with a higher score indicating more symptoms of depression. The GDS has been validated for use in the local older population (32, 33) in detecting major depressive disorder (sensitivity: 0.97; specificity: 0.95; AUC: 0.98); its internal reliability coefficient (Cronbach's a) was 0.84.
The physical activity score was computed from the summed score of the frequencies of participation in multiple categories of physical activities measured on a 3-point Likert scale [0 = never (,1 time/mo); 1 = sometimes ($1 time/mo but ,1 time/wk); and 3 = often ($1 time/wk)].
Statistical analysis
Group comparisons of categorical and continuous variables were performed by using the chi-square test or ANOVA as appropriate. In multiple regression analyses, POMA gait, POMA balance, and IADL score were analyzed as dependent variables. Regression coefficients (unstandardized b and standardized b) for folate, vitamin B-12, and homocysteine as continuous variables were estimated in base models (model 1: unadjusted) and adjusted in hierarchical models that controlled for age, sex, education, housing type, number of comorbidities, hospitalization in the past year, history of arthritis and hip fracture, GDS score, MMSE score, BMI, creatinine concentration, albumin, hemoglobin, and physical activity score (model 2); in the final model folate and vitamin B-12, or homocysteine with folate and vitamin B-12, were added separately (model 3). Because the distribution of POMA gait, POMA balance, and IADL data were skewed, cubictransformed values for normal approximation were also attempted in significance testing as well as by using untransformed values of these dependent variables. Because there were no differences in results from the use of both approaches, the results that were based on untransformed values are presented in Tables 1 and 2 for better ease of interpretation. A 2-sided P , 0.05 was considered as statistically significant. All analyses were carried out with SPSS statistical software (version 18.0; SPSS Inc).
RESULTS
Characteristics of the study sample area shown in Table 1 . The mean (6SD) age of study participants was 65.6 6 7.4, and a larger proportion of subjects were women (61.4%). More than one-half of participants had ,6 y of schooling (57.9%). The mean number of medical morbidities was 2.3 6 1.4. The concentrations of homocysteine were correlated with folate (r = 20.312, P , 0.001) and vitamin B-12 (r = 20.273, P , 0.001).
None of the participants showed evidence of gross folate deficiency (,5.0 nmol/L), and only 4 subjects had borderline deficiency (5.0-6.9 nmol/L). Twenty-four participants (5%) showed vitamin B-12 deficiency (,179 pmol/L). In regression analyses (Table 2) , homocysteine showed significant negative associations with POMA balance, POMA gait scores, and IADL (P , 0.01) (Figure 1) . The associations remained significant (P , 0.01) when controlled for confounding by sex, age, education, housing type, number of comorbidities, hospitalization, GDS score, MMSE score, BMI, creatinine concentration, arthritis and hip fracture, serum albumin and hemoglobin, and physical activity (model 2) and, in addition, for folate and vitamin B-12 (model 3).
Serum folate showed a significant positive association only with the POMA balance scores (P , 0.01) in the unadjusted model (model 1) and remained significantly associated with the POMA balance score in models that further adjusted for other variables (model 2) and, in addition, for serum vitamin B-12 (model 3) (standardized b = 0.06; P = 0.04).
Serum vitamin B-12 was not significantly associated with POMA balance, POMA gait, or IADL scores. The interaction between serum folate and plasma total homocysteine was explored, and no significant interactions were shown.
DISCUSSION
Our findings firmly supported previous studies that suggested a negative association between hyperhomocysteinemia and physical performance and functional decline in older persons. Estimates of the strength of association were robust from multivariate analyses. There was a very modest attenuation of the magnitude of regression coefficients with adjustment for folate and vitamin B-12 in the multivariate models. Serum folate was shown to be positively associated only with performance on the balance test. To our knowledge, this association with balance control has not been reported in previous studies. Furthermore, we examined the role of vitamin B-12 and showed no support of an independent association with physical performance and functional disability.
Previous studies have reported inconsistent findings of the relations between folate or vitamin B-12 and risks of osteoporosis, hip fractures and falls, or physical functional performance. One study suggested that low serum folate was responsible for the observed association between homocysteine and risk of osteoporotic fracture (17) , and another study showed that folate was independently associated with hip fractures in women (18) and falls (19) in elderly persons. Other studies have reported that associations of high homocysteine with bone mineral density and osteoporosis were greatly attenuated after adjustment for folate, vitamin B-6, and vitamin B-12 (20) or that homocysteine and vitamin B-12, but not folate, were associated with osteoporosis (21) . However, another study that measured folate, vitamin B-12, and homocysteine together showed that low vitamin B-12 alone was significantly associated with composite grip strength, endurance, physical activity, and walking-speed measurements of frailty syndrome in community-dwelling older women (22) . In contrast, 2 studies of community-living elderly persons that measured plasma homocysteine and vitamin B-12 together, but not folate (15, 16) , showed that high homocysteine was independently associated with lower physical performance in older women (15) or worse sensory and motor peripheral nerve function (16) but failed to clearly establish an association between vitamin B-12 and physical performance.
These wide variations of findings may be explained by the heterogeneity in study populations with respect to their exposure to folate, vitamin B-12, or homocysteine risks and their nutritional and health status. In Singapore, enriched cereal grain products have been fortified with folic acid since 1998. This fortification was reflected in the low rate of folate deficiency observed in the study sample. It may also explain the observed lack of association of folate with gait and instrumental daily activity performance, although we were able to observe a significant association of folate with physical balance. This study had a community-based setting and a study population of a younger age and relatively better functioning status, with fewer frail individuals. Previous studies of older and frail or nursing home elderly have reported significant associations of vitamin B-12 with physical performance impairment (21) or folate with falls (18) . Therefore, our results do not exclude the possible adverse effects of low folate or vitamin B-12 on physical performance and functional ability in older and frailer individuals. The strengths of this study included a large population sample of community-living older persons, the adjustment for a wide range of potential confounders in multivariate analyses, and simultaneous determinations of homocysteine, folate, and vitamin B-12 concentrations together in the same sample. However, there were limitations. The measurement of serum vitamin B-12 is not as sensitive as methylmalonic acid in the assessment of vitamin B-12 deficiency, and therefore, a possible effect of vitamin B-12 could not be excluded. Also, single measurements of serum folate may not be as accurate as red blood cell folate in the measurement of body store of folate. Our study did not include measures of vitamin B-6 and thyroid function status, which could represent undetermined sources of homocysteine variation and residual uncontrolled confounding, and bone mineral density, osteoporosis risk, or distal mobility outcomes such as falls, which might have been useful for corroborating the observed relationships. The cross-sectional design of the study also limited the drawing of direct causal inferences of the observed relations. The independent effects of homocysteine, folate, and vitamin B-12 on physical function decline and mobility outcomes should be further investigated in future studies.
Our data, which suggested a negative association of elevated homocysteine with physical performance and functional disability, are supported by known pathophysiologic mechanisms of multisystem age-related problems associated with homocysteine (34), including oxidative damage via hydrogen peroxide formation (35, 36) , protein, and DNA and accelerated telomere loss. Oxidative damage of endothelial cells and intimal injury and fibrin deposition contribute to the development of endothelial lesions and atherosclerosis. The direct vascular effect of homocysteine in the brain and increased risk of cerebrovascular disease (37, 38) are supported by the association of elevated homocysteine with an increase in white matter hyperintensities, which have been shown to be correlated with poor cognitive (39, 40) and lower extremity function (41) . The presence of leukoaraiosis may interrupt frontal lobe circuits that are responsible for normal gait and balance and interfere with descending motor fibers that arise from medial cortical areas, which are important for lowerextremity motor control. There is also evidence that has suggested that elevated homocysteine is associated with lower calf muscle mass in persons with peripheral arterial disease (13) . This effect may be a result of homocysteine-induced inflammatory responses, whereby inflammatory cytokines induce muscle proteolysis and inhibit repair after a muscle tissue injury.
The mechanism that underlies the association between folate and physical performance that was shown in our study participants may in part be mediated through homocysteine. However, plasma folate concentrations have also been reported to be associated with cognitive function independently of homocysteine (23, 42, 43) and have been demonstrated to be mediated by vascular mechanisms through its association with the presence of white matter lesions (43) . Folate (as well as vitamin B-12) is closely involved in methylation reactions in the central nervous system, which are necessary for the production of monoamine neurotransmitters, neuronal membrane phospholipids, and nucleoprotein. Hence, folate deficiency can potentially influence various physiologic processes in the neuromuscular and sensorimotor systems that are responsible for the maintenance of balance and postural stability.
In conclusion, our study provides firm support for the association of elevated homocysteine with poorer balance and gait performance and functional ability in community-living older persons and also showed the independent association of folate with balance performance. Randomized, controlled interventional studies of the effects of folate and vitamin B-12 on physical performance and functional decline and mobility outcomes, including falls, in the elderly should be conducted.
